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(54) HEAT EXCHANGER 

(57) In a heat exchanger which is constructed such 
that heat-transfer plates S1 , S2 in the form of a quadri- 
lateral are bent at fold fines in a zigzag fashion to form 
combustion gas passages 4 and air passages 5 alter- 
nately in a circumferential direction, arrangement is 
made to enhance material yield and to facilitate brazing 
of components for formation of a fluid duct. Thus radially 
outer peripheral walls 6, 8o, 10o and radially inner 


peripheral walls 7, 8i, 10i, respectively, are brazed to 
fold lines at outer peripheries and inner peripheries of 
the heat-transfer plates S1 , S2 to form a duct 13 contin- 
uous to a combustion gas inlet 11 , a duct 14 continuous 
to a combustion gas outlet 12, a duct 17 continuous to 
an air passage inlet 15, and a duct 18 continuous to an 
air passage outlet 16. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an annular- 
shaped heat exchanger including high-temperature fluid 
passages and low-temperature fluid passages defined 
alternately by folding a plurality of first heat-transfer 
plates and a plurality of second heat-transfer plates in a 
zigzag fashion. 

BACKGROUND ART 

[0002] Such heat exchanger is known from Japanese 
Patent Application Laid-open No. 57-2983. There is also 
a heat exchanger known from Japanese Patent Applica- 
tion Laid-open No. 59-183296, which includes high- 
temperature fluid passages and low-temperature fluid 
passages defined alternately between heat-transfer 
plates disposed in parallel, and outlets and inlets for a 
high-temperature fluid and a low-temperature fluid, 
which are defined by cutting opposite ends of each of 
the heat-transfer plates into angle shapes. 
[0003] When ducts are connected to the high-temper- 
ature fluid passages and the low-temperature fluid pas- 
sages in a heat exchanger made of a metal, it is 
necessary to bond ends of a partition plate forming the 
duct to the heat-transfer plates of the heat exchanger by 
brazing. The heat exchanger in which the opposite ends 
of each of the heat-transfer plates are cut into the angle 
shape, as descrbed in the above Japanese Patent 
Application Laid-open No.59-1 83296, suffers from the 
following problem: The material yield for the heat-trans- 
fer plates is naturally poor, and it is necessary to braze 
the partition plate to the apex of the end surface result- 
ing from the cutting into the angle shape. For this rea- 
son, it is difficult to carry out the brazing operation 
because of a small brazing area, and moreover, it is dif- 
ficult to provide a sufficient brazing strength. 

DISCLOSURE OF THE INVENTION 

[0004] The present invention has been accomplished 
with the above circumstances in view, and it is an object 
of the present invention to provide a heat exchanger in 
which a good material yield is provided and moreover, it 
is easy to carry out the brazing of a member for forming 
a fluid duct. 

[0005] To achieve the above object, according to an 
aspect and feature of the present invention, there is pro- 
vided a heal exchanger characterized in that the heat 
exchanger is formed from a folding plate blank compris- 
ing a plurality of first quadrilateral heat-transfer plates 
and a plurality of second quadrilateral heat-transfer 
iates //hicn arp alternately 'onnected toaethe r '^-dj?/ 
'irst ana secona folding lines the folding Diaie Dian- 
Demg folded in a zigzag fashion along the first and sec- 
ona folding imes, thereby defining axial iy extending 


high-temperature and low-temperature fluid passages 
alternately in a circumferential direction, radially outer 
peripheral walls are brazed to the plurality of first folding 
lines located on a radially outer side and radially inner 

5 peripheral walls are brazed to the plurality of second 
folding lines located on a radially inner side, thereby 
closing radially outer and inner peripheries of the axially 
extending high-temperature and low-temperature fluid 
passages, while defining high-temperature fluid ducts 

w connected to the high-temperature fluid passages and 
low-temperature fluid ducts connected to the taw-tem- 
perature fluid passages; a high-temperature fluid pas- 
sage inlet and a high-temperature fluid passage outlet 
are formed in openings at axially opposite ends of the 

is high -temperature fluid passages; and projection stripes 
provided on the first and second heat-transfer plates are 
brazed to one another, thereby closing axially opposite 
ends of the low-temperature fluid passages, while defin- 
ing a low -temperature fluid passage inlet in one of the 

20 radially outer and inner peripheral walls on the side of 
the high-temperature fluid passage outlet and a low- 
temperature fluid passage outlet on the other of the 
radially outer and inner peripheral walls on the side of 
the high-temperature fluid passage inlet. 

25 [0006] With the above arrangement the radially outer 
peripheral walls are brazed to the plurality of first folding 
lines located on the radially outer side and the radially 
inner peripheral walls are brazed to the plurality of sec- 
ond folding lines located on the radially inner side in 

30 order to define the high-temperature fluid ducts con- 
nected to the high-temperature fluid passages and the 
low-temperature fluid ducts connected to the low -tem- 
perature fluid passages. Therefore, it is unnecessary to 
carry out a special working treatment in order to form 

35 brazed portions on the first and second heat-transfer 
plates, leading not only to a reduced number of working 
steps, but also to an increased brazing strength, as 
compared with the case where the first and second 
heat-transfer plates are brazed to the cut end surfaces. 

40 [0007] In addition, the high-temperature fluid passage 
inlet and the high-temperature fluid passage outlet are 
defined in the openings at the axially opposite ends of 
the high-temperature fluid passages, and the projection 
stripes provided on the first and second heat-transfer 

46 plates are brazed to one another to close the axially 
opposite ends of the low-temperature fluid passages, 
while defining the low-temperature fluid passage inlet in 
one of the radially outer and inner peripheral walls on 
the side of the high-temperature fluid passage outlet, 

so and the low-temperature fluid passage outlet on the 
other of the radially outer and inner peripheral walls on 
the side of the high-temperature fluid passage inlet. 
Therefore, even rf the first and second heat -transfer 
olates are formed into a simple quadrilateral shape to 
■■i"a^c<? the -material yield the outlets and mets *cr 
■ oh-temperature tiutd ana a tow-temperature fluid car- 
ue defined. Moreover, the projection stripes are used toi 
closing the opposite ends of the low -temperature fluid 
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passages and hence, it is unnecessary to provide flaps 
in a projecting manner on the first and second heat- 
transfer plates in place of the projection stripes, 
whereby the material yield can be further enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Figs.1 to 9 show one embodiment of the present 
invention, wherein 

Fig. 1 is a side view of an entire gas turbine engine; 
Fig. 2 is a sectional view taken along a line 2-2 in 
Fig. 1; 

Fig.3 is an enlarged sectional view taken along a 
line 3-3 in Fig. 2 (a sectional view of combustion gas 
passages); 

Fig. 4 is an enlarged sectional view taken along a 
line 4-4 in Fig. 2 (a sectional view of air passages), 
Fig. 5 is an enlarged sectional view taken along a 
line 5-5 in Fig. 4; 

Fig. 6 is an enlarged sectional view taken along a 
line 6-6 in Fig. 4; 

Fig. 7 is a developed view of a folding plate blank; 
Fig. 8 is a perspective view of an essential portion of 
a heat exchanger; and 

Fig. 9 is a pattern view showing flows of a combus- 
tion gas and air. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] The present invention will now be described by 
way of an embodiment with reference to the accompa- 
nying drawings. 

[0010] As shown in Figs.1 and 2, a gas turbine engine 
E includes an engine body 1 in which a combustor, a 
compressor, a turbine and the like (which are not 
shown) are accommodated. An annular-shaped heat 
exchanger 2 is disposed to surround an outer periphery 
of the engine body 1. The heat exchanger 2 comprises 
four modules 2, having a center angle of 90° and 
arranged in a circumferential direction with bond sur- 
faces 3 interposed therebetween. Combustion gas pas- 
sages 4 and air passages 5 are circumferential ly 
alternately provided in the heat exchanger 2 (see Fig. 5), 
so that a combustion gas of a relative high temperature 
passed through turbine is passed through the combus- 
tion gas passages 4, and air of a relative low tempera- 
ture compressed in the compressor is passed through 
the air passages 5. A section in Fig.1 corresponds to the 
combustion gas passages 4. and the air passages 5 are 
defined adjacent this side and the other side of the com- 
bustion gas passages 4. 

[0011] The sectional shape of the heat exchanger 2 

ik-'~ hi on a ts axis is ar axiaitv -onaer and <adia - 
sorter Quadrilateral snaoe a ■ adialiy outer peripheral 
^jriace of the neat exchanger ^ is closed by a large- 
diameter cylindrical outer casing 6, and a radiaiiy inner 


peripheral surface of the heat exchanger 2 is closed by 
a small-diameter cylindrical inner casing 7. A front outer 
duct member 8o and a front inner duct member 8i are 
provided in a front portion of the heat exchanger 2, so 
5 that they are connected to front ends of the outer and 
inner casings 6 and 7, respectively. A rear outer duct 
member 10o and a rear inner duct member 10i are pro- 
vided in a rear portion of the heat exchanger 2, so that 
they are connected to rear ends of the outer and inner 
w casings 6 and 7, respectively. 

[0012] Each of the combustion gas passages 4 in the 
heat exchanger 2 includes a combustion gas passage 
inlet 1 1 and a combustion gas passage outlet 12 at left 
and right portions of Rg. 1. A combustion gas introduc- 
es ing space (referred to as a combustion gas introducing 
duct) 13 defined between the front outer duct member 
8o and the front inner duct member 8i is connected at its 
downstream end to the combustion gas passage inlet 
11, and a combustion gas discharging space (referred 
20 to as a combustion gas discharging duct) 14 defined 
between the rear outer duct member 1 0o and the rear 
inner duct member 10i is connected at its upstream end 
to the combustion gas passage outlet 12. 
[0013] Each of the air passages 5 in the heat 
25 exchanger 2 includes an air passage inlet 1 5 and an air 
passage outlet 1 6 at the right and upper portion and the 
left and lower portion of Fig. 1 , respectively. An air intro- 
ducing space (referred to as an air introducing duct) 17 
defined along an inner periphery of a rear outer housing 
30 9 is connected at its downstream end to the air passage 
inlet 1 5. An air discharging space (referred to as an air 
discharging duct) 1 8 extending within the engine body 1 
is connected at its upstream end to the air passage out- 
let 16. 

35 [001 4] In this manner, the combustion gas and the air 
flow in opposite directions from each other and cross 
each other as shown in Figs. 3, 4 and 9, whereby a 
counter flow and a so-called cross-flow are realized with 
a high heat- exchange efficiency. Thus, by allowing a 
40 high-temperature fluid and a low-temperature fluid to 
flow in opposite directions from each other, a large dif- 
ference in temperature between the high-temperature 
fluid and the low-temperature fluid can be maintained 
over the entire length of the flow paths, thereby enhanc- 
es ing the heat-exchange efficiency. 

[001 5] The temperature of the combustion gas which 
has driven the turbine is about 600 to 700°C in the com- 
bustion gas passage inlets 1 1 . The combustion gas is 
cooled down to about 300 to 400° C in the combustion 
so gas passage outlets 1 2 by conducting a heat- exchange 
between the combustion gas and the air when the com- 
bustion gas passes through the combustion gas pas- 
sages 4. On the other hand, the temperature of the air 
compressed by the compressor is about 200 to 300X ir 
air oassaae npt c " ' hp ar •< neatec ..i :c abc\ 
soo to 600 ( C in the air passaae outlets 1 6 by conouci 
ing a heat-exchange between the air and the combus- 
tion gas, which occurs when the air passes through the 
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air passages 5. 

[0016] The structure of the heat exchanger 2 will be 
described below with relerence to Figs. 3 to 8. 
[0017] As shown in Figs.3, 4 and 7, each of the mod- 
ules 2t of the heat exchanger 2 is made from a folding 
plate blank 21 (see Fig. 7) produced by previously cut- 
ting a thin metal plate such as a stainless steel into a 
predetermined shape and then forming an irregularity 
on a surface of the cut plate by pressing. The folding 
plate blank 21 is comprised of first heat-transfer plates 
S1 and second heat-transfer plates S2 disposed alter- 
nately, and is folded into a zigzag fashion along crest- 
folding lines Li and valley-folding lines L 2 . The term 
"crest-folding" means folding into a convex toward this 
side or a closer side from the drawing sheet surface, 
and the term "valley-folding" means folding into a con- 
vex toward the other side or a far side from the drawing 
sheet surface. Each of the crest-folding lines L 1 and the 
vaiiey-Toiding lines L 2 is noi a simpie straight iine, but 
actually comprises an arcuate folding line or two parallel 
and adjacent folding lines for the purpose of forming a 
predetermined space between each of the first heat- 
transfer plates S1 and each of the second heat-transfer 
plates S2 

[0018] A large number of first projections 22 and a 
large number of second projections 23, which are dis- 
posed at unequal distances, are formed on each of the 
first and second heat-transfer plates S1 and S2 by 
pressing. The first projections 22 indicated by a mark X 
in Fig.7 protrude toward this side on the drawing sheet 
surface of Fig 7, and the second projections 23 indi- 
cated by a mark O in Fig. 7 protrude toward the other 
side on the drawing sheet surface of Fig.7. The first and 
second projections 22 and 23 are arranged alternately 
(i.e., so that the first projections 22 are not continuous to 
one another and the second projections 23 are not con- 
tinuous to one another). Front projection stripes 24 F and 
rear projection stripes 24 R which protrude toward this 
side on the drawing sheet surface of Fig. 7, are formed 
on front and rear ends of each of the first and second 
heat-transfer plates Si and S2 by pressing. 
[001 9] The first projections 22, the second projections 
23, the front projection stripes 24 F and the rear projec- 
tion stripes 24 R of the first heat-transfer plate St shown 
in Fig. 3 are in an opposite recess-projection relationship 
with respect to that in the first heat-transfer plate S1 
shown in Fig. 7. This is because Fig. 3 shows a state in 
which the first heat-transfer plate S1 is viewed from the 
back side. 

[0020] As can be seen from Figs. 5 to 7, when the first 
and second heat-transfer plates S1 and S2 of the fold- 
ing plate blank 21 are folded along the west-folding 
lines to form the combustion gas passages 4 

between both the heat-transfer plates Si and S2 tip 

- r-ic; 0 t »np second selections a the fcs: r Pat-" 
'^r plate h 1 ana tip enas ot tne second protections 23 r* 
me second neat-transter plate S2 are brought into abut- 
ment against each other ana brazea to eacn otner. At 


this time, the front projection stripes 24 F and the rear 
projection stripes 24 R are spaced apart from each 
other, and the front and rear portions of the combustion 
gas passages 4 are permitted to communicate with the 

6 combustion gas passage inlet 1 1 and the combustion 
gas passage outlet 12. respectively. 
[0021 ] When the first heat-transfer plates S1 and the 
second heat-transfer plates S2 of the folding plate blank 
21 are folded along the valley-folding line L 2 to define 

10 the air passages 5 between the heat-transfer plates Si 
and S2 ( tip ends of the first projections 22 of the first 
transfer plate S1 and tip ends of the first projections 22 
of the second heat-transfer plate S2 are brought into 
abutment against each other and brazed to each other. 

is At this time, the front and rear projection stripes 24 F and 
24 R are brought into abutment against each other and 
brazed to each other, thereby closing the front portions 
of the air passages 5 adjacent the combustion gas pas- 
sage iniet n and the rear portions ot the air passages 5 

20 adjacent the combustion gas passage outlet 1 2. A state 
in which the air passages 5 have been closed by the 
front projection stripes 24 F is shown in Fig.6. 
[0022] As can be seen from Figs 4 and 5, the rear end 
of the outer casing 6 and a front end of the rear outer 

25 duct member 10o to which the crest-folding lines 
have been brazed are opposed to each other at a pre- 
determined gap left therebetween, and the air passage 
inlet 15 is defined in this gap. The air passage outlet 16 
formed into a small bore shape is defined to extend 

30 through front portions of the valley-folding lines L 2 and a 
front portion of the inner casing 7. Therefore, air flowing 
in the air introducing duct 17 is guided through the air 
passage inlet 1 5 to the air passages 5 between the first 
and second heat-transfer plates S1 and S2, and dis- 

35 charged therefrom through the small bore-shaped air 
passage outlet 16 defined in the valley-folding lines L 2 
and the inner casing 7 to the air discharging duct 1 8. 
[0023] Each of the first and second projections 22 and 
23 has a substantially truncated conical shape, and the 

40 tip ends of the first and second projections 22 and 23 
are in surface contact with each other to enhance the 
brazing strength. Each of the front and rear projection 
stripes 24 F and 24 R has also a substantially trapezoidal 
section, and the tip ends of the front and rear projection 

45 stripes 24 F and 24 R are also in surface contact with 
each other to enhance the brazing strength. 
[0024] When the folding plate blank 2 1 is folded in the 
zigzag fashion, the adjacent crest-folding lines can- 
not be brought into direct contact with each other, but 

so the distance between the crest-folding lines L 1 is main- 
tained constant by the contact of the first projections 22 
to each other. In addition, the adjacent valley-folding 
lines L 2 cannot be brought into direct contact with each 
ot^er but the distance between the valley-folding lines 
rnamtaineo constant ov "tac! -* £ secon- 

Elections 23 to eacn other 

[0025] When tne folding plate blank 2 1 is foiaeo in the 
zigzag tashion to produce the modules 2^ of the heat 
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exchanger 2, the first and second heat-transler plates 

51 and S2 are disposed radiateiy from the center of the 
heat exchanger 2. Therefore, the distance between the 
adjacent first and second heat-transfer plates S1 and 

52 assumes the maximum in the radially outer periph- 5 
eral portion which is in contact with the outer casing 6, 
and the minimum in the radially inner peripheral portion 
which is in contact with the inner casing 7. For this rea- 
son, the heights of the first projections 22, the second 
projections 23, the front projection stripes 24, and the w 
rear projection stripes 24 R are gradually increased out- 
wards from the radially inner side, whereby the first and 
second heat-transfer plates S1 and S2 can be disposed 
exactly radiateiy (see Fig.5). 

[0026] By employing the above-described structure of is 
the radiateiy folded plates, the outer casing 6 and the 
inner casing 7 can be positioned concentrically, and the 
axial symmetry of the heat exchanger 2 can be main- 
tained accurately. 

[0027] Moreover, the first and second heat-transfer 20 
plates S1 and S2 are of the same rectangular shape 
and hence, the folding plate blank 21 is also of a simple 
band shape, leading to the enhanced material yield, as 
compared with the case where ends of the first and sec- 
ond heat-transfer plates Si and S2 are cut into an angle 25 
shape. Especially, the front projection stripes 24 F and 
the rear projection stripes 24 R are employed for closing 
the air passages 5 and hence, there is not a degrada- 
tion in the material yield produced when flaps tor closing 
the air passages 5 are prpjectingly provided at ends of 30 
the rectangular first and second heat-transfer plates S1 
and S2. 

[0028] I n addition , the front outer duct member 80, the 
front inner duct member 8i, the rear outer duct member 
1 0o and the rear inner duct member 1 0i for defining the 35 
high-temperature fluid introducing duct 13, the high- 
temperature fluid discharging duct 1 4, the low-tempera- 
ture fluid introducing duct 17 and the low-temperature 
fluid discharging duct 18 are brazed to the crest-folding 
lines L 1 and the valley-fokJing lines L 2 of the first and 40 
second heat-transfer plates S1 and S2. Therefore, as 
compared with the case where they are brazed to the 
end surfaces of the first and second heat-transfer plates 
S1 and S2 cut into an angle-shape, the number of oper- 
ating steps required for the above-described cutting is 45 
naturally reduced, and moreover, the brazing area is 
increased to enhance the operability and the strength 
[0029] By forming the heat exchanger 2 by a combina- 
tion of the four modules 2^ having the same structure, 
the manufacture of the heat exchanger can be facili- so 
tated. and the structure of the heat exchanger can be 
simplified. In addition, by folding the folding plate blank 
21 radiateiy and in the zigzag fashion to continuously 
form the first and second heat-transfer plates S1 and 
rhp ■] oarts and *hp number v r^azino 
:>omts can remarKaoiy be decreased, and moreover, the 
dimensional accuracy of a completed article can be 
enhanced, as compared with a uase where a large 


number of first heat-transfer plates S1 independent from 
one another and a large number of second heat-transfer 
plates S2 independent from one another are brazed 
alternately. 

[0030] As can be seen from Fig. 5, when the modules 
2 1 of the heat exchanger 2 are bonded to one another at 
the bond surfaces 3 (see Fig.2), end edges of the first 
heat-transfer plates S1 folded into a J-shape beyond the 
crest-fokjing line L 1 and end edges of the second heat- 
transfer plates S2 cut recti linearly at a location short of 
the crest-folding line are superposed on each other 
and brazed to each other. By employing the above- 
described structure, a special bonding member for 
bonding the adjacent modules 2 1 to each other is not 
required, and a special processing for changing the 
thickness of the folding plate blank 21 is not required. 
Therefore, the number of parts and the processing cost 
are reduced, and further an increase in heat mass in the 
bonded zone is avoided. Moreover, a dead spacs which 
is neither the combustion gas passages 4 nor the air 
passages 5 is not created and hence, the increase in 
flow path resistance is suppressed to the minimum, and 
there is not a possibility that the heat exchange effi- 
ciency may be reduced. 

[0031] During operation of the gas turbine engine E, 
the pressure in the combustion gas passages 4 is rela- 
tively low, and the pressure in the air passages 5 is rel- 
atively high. For this reason, a flexural load is applied to 
the first and second heat-transfer plates S1 and S2 due 
to a difference between the pressures, but a sufficient 
rigidity capable of withstanding such load can be 
obtained by virtue of the first and second projections 22 
and 23 which have been brought into abutment against 
each other and brazed with each other. 
[0032] In addition, the surface areas of the first and 
second heat-transfer plates S1 and S2 (i.e., the surface 
areas of the combustion gas passages 4 and the air 
passages 5] are increased by virtue of the first and sec- 
ond projections 22 and 23. Moreover, the flows of the 
combustion gas and the air are agitated and hence, the 
heat exchange efficiency can be enhanced. 
[0033] Although the embodiment of the present inven- 
tion have been described in detail, it will be understood 
that the present invention is not limited to the above- 
described embodiment, and various modifications may 
be made without departing from the spirit and scope of 
the invention defined in claim. 
[0034] For example, the heat exchanger 2 for the gas 
turbine engine E has been illustrated in the embodi- 
ment, but the present invention can be applied to heat 
exchangers for other applications. 

Claims 

■ -' h ' .' nr-i:<~ ■.''M'ac:^' /eel ^fiar .-11 • ■ 
-xenanger is formed from a toiaing plate Diank {?. 1 
comprising a plurality ot ttrst quadrilateral heat- 
transfer plates (Gi } and a plurality of second quae: 
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rilateral heat-transfer plates (S2) which are alter- 
nately connected together through first and second 
folding lines (L, and L^), said folding plate blank 
(21) being folded in a Zigzag fashion along said first 
and second folding lines {L-\ and L 2 ), thereby def in- 5 
ing axially extending high-temperature and low- 
temperature fluid passages (4 and 5) alternately in 
a circumferential direction, 

radially outer peripheral walls (6, 8o and lOo) io 
are brazed to said plurality of first folding lines 
(l^) located on a radially outer side and radially 
inner peripheral walls (7, 8i and 10i) are brazed 
to said plurality of second folding lines (L 2 ) 
located on a radially inner side, thereby closing is 
radially outer and inner peripheries of said axi- 
ally extending high-temperature and low-tem- 
perature fluid passages (4 and 5), while 
defining nigh -Temperature fiuid ducts (13 and 
14) connected to said high-temperature fluid 20 
passages (4) and low-temperature fluid ducts 
(1 7 and 18) connected to said low-temperature 
fluid passages (5); 

a high-temperature fluid passage inlet (1 1) and 25 
a high-temperature fluid passage outlet (12) 
are formed in openings at axially opposite ends 
of said high-temperature fluid passages (4); 
and 

30 

projection stripes (24p and 24 R ) provided on 
said first and second heat-transfer plates (S1 
and 32) are brazed to one another, thereby 
closing axially opposite ends of said low-tem- 
perature fluid passages (5), while defining a 35 
low-temperature fluid passage inlet (1 5) in one 
of said radially outer and inner peripheral walls 
(6, 80 and 10o) and (7. 8i and 10i) on the side 
of said high-temperature fluid passage outlet 
(1 2), and a low-temperature fluid passage out- 40 
let (16) on the other of said radially outer and 
inner peripheral walls (6, 80 and 10o) and (7, 8i 
and lOi) on the side of said high -temperature 
fiuid passage inlet (11). 
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